China, as a large agricultural country as well as a major country with great demand for grain, has played a more and more important role in the international grain market. As Northeast China is one of the major commodity grain bases in China as well as one of the regions with the highest intensity of human activities, it plays an important role in influencing the global food security. This study first generally analyzed the cultivated land reclamation and the climate change of temperature and precipitation in Northeast China during 2000-2010. Then, on the basis of these data, the climatic effects of cultivated land reclamation in Northeast China during 2030-2040 were simulated by the weather research forecast (WRF) model. Finally, the possible effects of the climate change on the grain yield and the potential influence on the food security were analyzed. The simulation result indicated that the temperature in Northeast China would be increasing on the whole, while the precipitation would be decreasing. The result of this study can provide some theoretical support to the agricultural economic development in Northeast China and serve the national macropolicy and food security strategy of the whole China.
Introduction
Northeast China as an important commodity grain production base in China plays an important role in guaranteeing the global food security, while the historical large-scale cultivated land reclamation is of great importance to the formation and development of this commodity grain production base. Northeast China currently provides 30-35 million tons of grain every year, accounting for 13% of the national total grain output [1] . Besides, China being a large agricultural country, as well as a major country with great demand for grain, plays a very important role in the international grain market. According to the Medium and Long Term Planning Outline of National Food Security (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) , the grain output of China will have reached 545 billion kg by 2020. Northeast China as the core region of grain production of China will undertake the tasks of making the grain output increase by 15.05 billion kg, which will account for 30.1% of the newly increased grain output. Therefore, the grain production in Northeast China will have great impacts on the Asian and even the global food security [2, 3] .
The cultivated land reclamation in Northeast China has lasted for many years since the last century due to the continual population growth and economic development at the cost of large-scale overconsumption of resources [4] . As a result, the frequent and uneven occupation and reclamation of cultivated land have led to the significant dynamic change of the spatial pattern of cultivated land in Northeast China. Except for the restriction of the cultivated land area, the grain production in Northeast China is also influenced by the climate change. The heat resource during the growth season of crops has shown an increasing trend in Northeast China, and the temperature has increased significantly in the past decades. For example, the relevant research indicates that the temperature in Northeast China has increased by 1.43 ∘ C in the past century [5] , which is 2 times higher than the global average level and 3 times higher than the national average level. The rapid temperature rise will surely have significant 2 Advances in Meteorology impacts on the growth of crops [6] . It has been widely accepted that the climate change is influenced by the human activities [7, 8] , and the land use change, as one of the major approaches through which the human activities influence the climate change, has received more and more attention [9] . The change of the spatial pattern of cultivated land in Northeast China will surely lead to climate change at local and regional scales. The historical data indicate that along with the cultivated land reclamation, there has been significant climate change in Northeast China, including the obvious change of the spatial pattern of temperature and precipitation [10] . In addition, the relevant researches also indicate that there is close correlation between the significant climate change and the more and more large-scale cultivated land reclamation in Northeast China in recent decades [11] [12] [13] [14] . It will surely contribute to the more comprehensive understanding of the land surface change to analyze the interaction between the cultivated land reclamation and climate change and to assess its impacts on the regional grain production.
So far, there are plenty of researches for climatic prediction in many research fields around the world. But most of them have disadvantages [15] . Some of the previous studies predict the climate change in future just simply according to the history climate data and their variation trend [16] [17] [18] . It is well known that there is uncertainty in climate change and that abnormal climate always occurs especially in recent decades, which made the history trend unreliable to represent the real one. Therefore, the shortage of this method was obvious. For that reason, some scientists began to predict future climate with models [19] [20] [21] . This was a great improvement in the process of the prediction research. But there were still disadvantages in the studies. With various kinds of models, different prediction results in the same simulated region have always been reported; sometimes these results were even contradictory, while the Weather Research and Forecast (WRF) model used in this study is a next-generation mesoscale numerical weather prediction system developed by a group of scientists from different institutes. This model is of strong robustness for predicting the climate change with various kinds of parameters, such as temperature, precipitation, radiation and heat. What is more, in this study, is that the underlying surface data used in WRF model was the simulated data with DLS model instead of the other scenarios, which was different from other prediction models. Thus, this study is of great significance both to the method building and its application. (Figure 1) . It is the largest production area of corn, high quality japonica rice, and soybean as well as the major production base of agriculture, forestry, animal husbandry, and industry in China. The total cultivated land area in this area is approximately 227 million ha, accounting for 18.5% of the national cultivated land area. The area under crops is approximately 173 million ha and the total grain output is approximately 87 million t in Northeast China, which account for 16.4% and 17.6% of the national total amount, respectively. As a monsoon climate of medium latitudes, the amount of precipitation in Northeast China decreases from the east and southeast to the west and northwest on the whole area. The winter is cold and long, while there are frequent winds and little rainfall in the spring in Northeast China. In the summer, the temperature is high and the rainfall is very rich; the amounts of precipitation range from 400 mm to 700 mm in most part of Northeast China in the summer, accounting for 50%-70% of the annual precipitation. According to the observation data of climate change from 2000-2010, we calculated the change trend of temperature and precipitation in Northeast China. The results showed that the temperature increased slightly in the decade and the average growth rate per annum was 0.44%. While the average annual precipitation was in a similar circumstance, its average growth rate per annum was 1.16%. There are often sunny days and the southwest winds prevail in the autumn, but the amount of precipitation is slightly more than in the spring. Northeast China is the coldest area in China since it is at the high altitudes; the temperature in this region is very low in the winter and the annual temperature difference is very large, showing obvious characteristics of the continental climate. Besides, Northeast China can be divided into three climatic zones from north to south, that is, the cold temperate zone, cool temperate zone, and warm temperate zone, since it extends across a wide latitude and longitude. In addition, it can be further divided into several climatic zones from east to west, that is, Three River Plain Humid climate zone, Lesser Khingan Mountains climate zone, Great Khingan Mountains Subhumid climate zone, Songliao Plain Subhumid climate zone, and West Liaohe Plain and Eastern Inner Mongolia Arid climate zone. Northeast China is the optimal grain production area with great development potential, and it plays an important role in guaranteeing the national food security. Most part of the Northeast Plain and the valleys and tablelands between Changbai Mountains has been reclaimed for cultivated land so far. These regions have been the major agricultural areas in Northeast China, but at the cost of the disappearance of primary forests and grasslands. The scale of grain production is very large, and the major crops include corn, soybean, and rice. The level of agricultural mechanization is very high in Northeast China since it is one of the regions with the earliest agricultural mechanization and the best basic conditions in China. What is more is that Northeast China is the largest forest area in China. The total forest area in Northeast China reaches 6 billion km 2 , accounting for 28.1% of the national forest area, and the close forest area is 3.34 billion km 2 . This study analyzed the impacts on the climate change of cultivated land reclamation by analyzing the change of temperature and precipitation numerically predicted with the Weather Research Forecast (WRF) model on the basis of cultivated land change in 30 years in Northeast China which was simulated by the Dynamics of Land System (DLS) model in a previous study [22, 23] . The changing trend of the climate in the future was predicted in the context of the change of the spatial pattern of cultivated land, and the impacts of the climate change on grain production were also analyzed. This study will not only provide a typical case study to the research on the global climate change but also provide some reference for the development of social industry structure.
Data and Methodology
Meanwhile, the trend of climate change and regional climate effects of LUCC in Northeast China indicate that there will be more complex and significant climate change in Northeast China, which means that the change trends of temperature and precipitation were not simply increasing or decreasing by year, they were up and down and what is more is that they showed different tendencies in different seasons. So, it is of great significance to study the impacts of cultivated land reclamation on the climate and the grain production in Northeast China, and the results can provide significant technical support and policy suggestions for the development of Northeast China.
WRF Model and Experiment
Design. The WRF model is a next-generation mesoscale numerical weather prediction system developed by a group of scientists from different institutes. The effort to develop WRF began in 1997 and was a collaborative partnership principally among the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric Administration, the Air Force Weather Agency (AFWA), the Naval Research Laboratory, the University of Oklahoma, and the Federal Aviation Administration (FAA). There are two dynamical core versions of WRF, that is, the Advanced Research WRF (ARW) and the WRF-NMM (NMM); this study has adopted the former one in view of the research aim of this study. The ARW module includes the Preprocessing System (WPS), main program and postprocessor, and the Postprocessing System, and it provides many physics parameterization schemes. In order to simulate the temporal regional climate change, the CAM3 scheme has been used as the radiation scheme. In addition, the ocean temperature and soil temperature in the deeper layer were updated by season.
In order to draw the impact on climate change of cultivated reclamation, two simulated tests were designed in this study, a control test and a sensitivity test (Table 1 ). The two sets of tests both used the climate forcing data between January of 2000 and December of 2010, and the difference between them was the underlying surface data. In the control test, the test period was from January of 2000 to December of 2010. The land cover data of 2000 was used as underlying surface data in the test. As to sensitivity, its test period was from January of 2030 to December of 2040, and with land cover data of 2040 as its underlying surface data. The experiment was designed like this to avoid the influence of forcing data and simultaneously to focus the impact of land use change specially the cultivated land reclamation on the climate variation. Thereby, the effect on grain production of the reclamation of cultivated land in Northeast China would be uncovered in this study.
Data and Processing.
The input data of the WRF model mainly include the underlying surface data and the climate forcing data. Part of the underlying surface data were provided by the Data Center for Resources and Environmental Sciences and the Chinese Academy of Sciences (CAS), and the rest of surface data needed in WRF were simulated by DLS model. As to the climate forcing data, they were obtained from the NCEP FNL (Final) Operational Global Analysis data.
As obtained in Northeast China (Figure 2 ) [22, 23] . According to the simulation results with the DLS model, the cultivated land area in Northeast China will increase by 288 thousand km 2 during 2030-2040, with an increment rate of 21.62%. The newly increased cultivated land will mainly be located in the eastern part of Three River Plain, western part of the Songnen Plain, Hilly and mountainous areas in the Great Khingan Mountains and Lesser Khingan Mountains, and Hulunbuir Region. Besides, the newly increased cultivated land will be mainly converted from the forests, grasslands, and unused land [22, 23] .
The land use/cover data classification mechanism in WRF model was the USGS classification system (Table 2) , while the simulated land use/cover data in 2040 with DLS model were classified by the land cover classification of IGBP. So the simulated data were reclassified into USGS classification system with classifier we developed before. In addition, the scale of these data is 1 : 100000, and the interpretation accuracy exceeds 92% [25] .
The climate forcing data used in this study were the geographically segmented (GEOG) data obtained from NCEP FNL (Final) Operational Global Analysis data, which was updated every 6 hours. This dataset has been constructed and updated since July 1999 with the data assimilation of almost all kinds of observation data (e.g., the remote sensing data and ground-based observation data); it has the spatial resolution of 1 ∘ × 1 ∘ and the vertical height of 27 layers. And the time periods of the data were truncated from January 2000 to December 2010. Then the climate forcing data were prepared on the basis of these data. The NCEP/FNL dataset has higher accuracy and spatial resolution and includes more kinds of environmental variables than the datasets of NCEP I, NCEP II, and EAR40. This study has used the Noah land surface parameterization scheme, with which the simulation result is more stable and reasonable. The data of the temperature field and precipitation field in this scheme were interpolated with the large-scale information.
Results
The change of cultivated land in Northeast China is directly caused by the human activities in the context of the special regional geographical conditions, such as the plentiness of the complex mountains in this region. The population growth is the fundamental reason for the expansion of cultivated land in Northeast China; the economic development is an important human driving factor, and the macro policy is also one of the driving factors of the land use change.
With the continual population growth and rapid economic development in Northeast China, there will be more demand for the land resources, which will surely lead to the change of the amount, structure, mode, and intensity of land use. It is forecasted that the population of China will rise to the peak Advances in Meteorology during 2030-2040, reaching 1.5-1.6 billion. The cultivated land area in China will certainly be increased so as to meet the enormous demand of the large population for grain, forage, dairy products, and so forth. It is inevitable that a lot of land will be reclaimed for cultivated land reclamation in Northeast China since it is the most important commodity grain base with the greatest development potential in China. For these reasons, this study simulated the climate change under the condition of cultivated land reclamation during 2030-2040 based on the WRF model and predicted the future changing trend of the temperature and precipitation in Northeast China. The simulation results indicate that the temperature in Northeast China will show an increasing trend, while the precipitation will show a decreasing trend. The average temperature in Northeast China shows an increasing trend on the whole during the simulation period. The temperature will increase in most parts of Northeast China in January except some areas where it shows a decreasing trend, while in August, it shows an increasing trend in almost all the parts of Northeast China. The temperature change varies greatly among regions; it shows an increasing trend from the southeast to the northwest on the whole, with the largest increment being 2 ∘ C. The temperature increases most obviously in the northern part of Great Khingan Mountains and Lesser Khingan Mountains, while it increases most slightly in Liaohe Plain, Liaodong Peninsula, and the southern part of Changbai Mountains (Figure 3) . The temperature rise in these regions is closely related with the land use conversion in the future. For example, the conversion from forests and grasslands into cultivated land in Great Khingan Mountains and Lesser Khingan Mountains leads to the increase of the regional near-surface temperature not only in the regions with land use conversion but also in the regions without land use conversion.
The simulation result indicates that there is not significant change in the annual precipitation in Northeast China during 2030-3040 but there is some fluctuation of the seasonal precipitation. The precipitation will increase most greatly in the middle part of Heilongjiang Province and the eastern part of Jilin Province and Liaoning Province. Besides, the precipitation will increase most significantly in the summer, and it will decrease in some regions in the winter. The precipitation will show a decreasing trend on the whole in January; it will show very different changing trends in different regions in August but still show a decreasing trend on the whole. The precipitation will decrease by 80 mm on average in January, with the largest decrement reaching 120 mm. By comparison, it will change more significantly in August (Figure 4) . The precipitation will decrease most greatly in Liaodong Peninsula and the southern part of Changbai Mountains, while it will obviously increase in the northern part of Great Khingan Mountains and Songnen Plain. In addition, it will show great difference at the local scale during different periods since there are some instabilities in the precipitation.
The previous researches have indicated that the climate change will have significant impacts on the crop yield, and that there is significant regional difference in these impacts [26] [27] [28] . When the temperature increases by 1 ∘ C, the per unit area yields of the wheat and soybean may increase by 2%-40%, and the decrement is higher in the northeast part than it is in the southwest part of Northeast China. When the precipitation increases by 10%, the grain yield will increase by approximately 10% in the western and southwest parts, while it is the contrary in the southeast part [29] . However, the temperature rise may aggravate the decrease of precipitation, since they generally appear simultaneously. In addition, the previous researches indicate that when the temperature increases by 2 ∘ C and the precipitation decreases by 20%, the grain yield in the western part of Northeast China will decrease by 10%-18% [30] . Therefore, the future grain yield in Northeast China will show a decreasing trend on the whole, and the grain yield and soybean yield may decrease by at least 10% in the future.
This study simulated the climatic effects of cultivated land reclamation in Northeast China during 2030-2040 on the basis of the WRF model. The simulation results indicate that it will inevitably aggravate the drought disaster in Northeast China. In summary, the regions with the most extreme temperature change are mainly located in the northern part of Great Khingan Mountains and Lesser Khingan Mountains, while the regions with the significant precipitation change are mainly gathered in the northern parts of Great Khingan Mountains and Songnen Plain. Since these regions are located in the major grain-producing areas in Northeast China, the climate change due to the cultivated land reclamation will have great impacts on the grain yield in Northeast China.
Conclusion and Discussion
The change of the spatial pattern of land use in Northeast China in the future, mainly including the expansion of cultivated land, will influence the supply function of regional ecosystem services to some degree. It should be noted that although the cultivated land area in Northeast China will show an increasing trend, the population will increase more rapidly, which will lead to the reclamation of some marginal land that is not very suitable for reclamation. Since the rapid population growth will lead to more demand for the food and land resources, some problems such as the deforestation, reclaiming land from lakes, and grassland reclamation may be more serious and lead to a vicious cycle. Besides, some of the newly increased cultivated lands may not be reasonably used, and the extensive operation is still very widespread, which will inevitably lead to the deterioration and waste of the land resources. The decline of soil fertility will undermine the potential of grain yield increase, influence the grain production capacity of Northeast China and subsequently influence the grain production capacity of the whole of China, and consequently threaten the self-supply of grain and national food security. It is necessary to properly implement some measures in the planning of the future agricultural development in Northeast China on the premise of guaranteeing the strategic grain demand of the whole nation. Besides, it is necessary to improve the scientific and technological level of agricultural cultivation, promote the ecological construction, and enhance the land utilization rate. In addition, it is necessary to implement different agricultural production countermeasures according to the impacts of climate change on different crops in different regions, for example, adjusting the layout of crop variety and planting structure and enhancing the measure to prevent disasters so as to ensure the long-term and steady development of grain production.
The temperature will show an increasing trend on the whole, which will have negative impacts on the growth of the major crops such as rice, corn, soybean, and wheat. The regional climate change will also directly and indirectly influence the behaviors of the peasants. For example, it will directly lead to the change of the planting structure and tillage measures; besides, it will lead to the change of the grain yield, indirectly change the income of peasants, and consequently alter their production activities. In addition, since different crops have different adaptive capacities to climate change, this will greatly influence the peasants' choice of the kinds of crops and consequently lead to more serious imbalance in the plantation structure. For example, in the middle and western parts of Northeast China, where the major crop is rice, when the temperature increases and the precipitation decreases, the local peasants may replace the rice with other crops or offset the impacts of climate change on the rice by using more fertilizers or irrigating the crops with more water. So, the grain production in Northeast China has some potential to adapt to the temperature rise, and it is of great significance to alleviating the negative impacts of the temperature rise on the grain production and guaranteeing the food security in Northeast China to give full play to this potential.
This study has mainly aimed at the simulation and prediction of the change of temperature and precipitation caused by the cultivated land reclamation in the future. In order to forecast the climate change in the future more accurately, it is necessary to quantitatively analyze the changing trends of the temperature and precipitation and comprehensively take into account the future changes of the monsoon, general atmospheric circulation, change of other land use types, and so forth, in the climate model and data analysis. Therefore, there is still something to explore in the future researches. First, the regional climate change is caused by various factors, including not only the human activities but also the natural factors such as the solar activity. Besides, there are also various human activities that influence the regional climate change in Northeast China, but only the cultivated land reclamation has been taken into account in this study, so, more influencing factors should be included in the future research. Second, there are some uncertainties in the simulation. Due to those influenced factors, the effects of some of them on the climate change may not be captured in the simulation analysis, which will lead to some uncertainties in the simulation results. So, it is necessary to make further sensitivity analysis in the future research so as to make the simulation results more accurate.
